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As regards the efferent connections of the 
striatal complex of the reptilian brain, 
there is little or no reliable anatomical 
information. 
K.E. Webster 1973. 
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INTRODUCTION 
The reptilian brain has often been regarded to be the key for 
the understanding of the evolution of the terrestrial verte-
brate nervous system. For this reason the brains of a wide 
variety of reptiles have been studied. These studies, which 
were mainly normal anatomical descriptions, have yielded much 
information about the cytoarchitecture of the reptilian 
nervous system. Nothing, however, could be stated with certainty 
concerning the origin and termination of the fiber systems 
described. Nevertheless, many homologies have been suggested 
based on these observations of normal material, and as a 
consequence, different terminologies have been employed 
according to the divergent interpretations of the reptilian 
brain structures. This holds particularly true for the telen-
cephalon. 
For this reason in the present study the basal ganglia of 
a lizard, Tupinambis nigropunctatus, were investigated with 
experimental techniques in order to obtain exact information 
about the efferent and intrinsic connections of the striatal 
complex. Electrolytic lesions were placed in all parts of the 
striatum and adjacent areas. The resultant axonal and terminal 
degeneration was demonstrated by use of the Fink-Heimer ('67) 
and Nauta-Gygax ('54) techniques. The species Tupinambis has 
chosen as the subject for these experiments because its 
striatal complex is well-developed. Moreover, detailed 
descriptions have already been provided concerning the 
connections of the telencephalic cortical areas (Voneida and 
Ebbesson '69, Lohman and Mentink '72, Lohman et al, '73). 
These reports on the efferent and intrinsic cortical connections 
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made it possible to study the degeneration following the 
striatal lesions apart from the additional degeneration caused 
by the passage of electrodes through the pallium. 
To define the exact sites of the lesions an accurate atlas 
of the telencephalon is required. For this reason a description 
of the normal anatomy will be given in the first part of this 
paper. 
On the basis of the present results it will be discussed 
whether the efferent connections of the striatal complex in 
the Tegu lizard are comparable with the efferent systems of 
the striatal complex in other terrestrial vertebrates, viz., 
amphibians (Halpern '72), birds (Karten and Dubbeldam '73) and 
mammals (Nauta and Mehler '66, Szabo '70). 
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MATERIAL AND METHODS 
In 60 Tegu lizards (Tupinambis nigropunctatus), weighing 
between 0.8 and 1.8 kg, electrolytic lesions were placed 
unilaterally in the striatal complex and adjacent areas of 
the telencephalon. Before the operations the animals were 
anaesthetized with 24 mg/kg body weight Nembutal (30% 
solution in physiological saline) injected into a superficial 
vein at the inferior surface of the tongue. The head of the 
animal was then secured in a headholder of a stereotaxic 
instrument. As the great individual variations in the 
dimensions of the animals' skulls did not permit the use of 
a stereotaxic atlas, the configuration of the scales on the 
dorsal surface of the head which shows a constant pattern in 
every animal (fig. I) was employed as a reference for the 
location of the subcortical structures. 
Fig. 1 Schematic representation of the relation between the 
brain and the scales on the dorsal surface of the head of the 
Tegu lizard. 
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The operative procedures were carried out under aseptic 
conditions and with the aid of a Zeiss dissecting microscope. 
In all cases a dorsal approach was used in the following 
manner. After making an U-shaped incision, the skin was 
carefully dissected from the roof of the skull and pulled 
aside. With the aid of a dental drill an opening was made in 
the skull, and the meninges were then incised. An electrode 
of stainless steel with a diameter of 0.2 ram and insulated 
but for the terminal 0.2 mm was entered into the striatum 
through the overlying pallium, and lesions were made by 1 mA. 
U.C. current applied during 10 seconds. 
Following survival times of 14-35 days at an environmental 
temperature of approximately 27 C, the animals were again 
anaesthetized and sacrified by transcardial perfusion with 
0.9Z saline followed by 10% unbuffered formalin. The brains 
were then removed and stored in 10% formalin for at least 2 
weeks. They were subsequently embedded in albumin and cut 
frontally on a freezing microtome at 25 urn thickness. The 
sections were stained according to the Nauta-Gygax ('54) and 
F ink-Heimer ('67) procedures. In addition, adjacent sections 
were stained by the Nissl technique. 
The normal configuration of the telencephalon was studied 
in serial sections cut in the frontal, sagittal and horizontal 
planes and stained by the Nissl and Kluver-Barrera ('53) 
techniques. Some myelinated fiber systems were also studied 
with the aid of serial sections stained by the Haggqvist 
technique ('36). In addition, two brains were prepared for 
histochemical studies by Dr. F.A. Geneser Jensen of the 
University of Aarhus in Denmark. The brains were cut frontally 
and horizontally at 40 um thickness, and every third section 
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vas stained either for acetylcholinesterase, monoamine oxidase 
or metals (Timm*s sulfide silver technique, Timm '58). It 
appeared that for the present study the sections stained by 
Timm's procedure were very useful1 because with this technique 
sharp borders as well as gradual transitions between divergent 
areas are clearly demonstrated (Haug '73). 
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ABBREVIATIONS 
Асе 
Ala 
Alh 
Alp 
Ame 
Amd 
Ame 
Ami 
Ami 
Ашш 
Bmfb 
Bulb olf 
ca 
Caud 
Ce 
Ceri 
chah 
cho 
Cm 
Coi 
Cos 
cp 
epa 
Cx dors 
Cx lat 
Cx mediodors 
Deep layer 
Dip 
dp 
Ena 
Enp 
flm 
fr 
f sa 
Ge 
Gpe 
Gpi 
Hab 
Ην 
In ρ 
Inst 
Int 
Iped 
nucleus accumbens 
nucleus anterior ansae lenticularis 
area lateralis hypothalami 
nucleus posterior ansae lenticularis 
nucleus centralis amygdalae 
nucleus dorsalis amygdalae 
nucleus externus amygdalae 
nucleus internus amygdalae 
nucleus lateralis amygdalae 
nucleus marginalis amygdalae 
bed nucleus of the medial forebrain bundle 
bulbus olfactorius 
conmissura anterior 
nucleus caud a tu s 
cerebellum 
nucleus cerebellaris lateralis 
commi ssura habenularum 
chiasma opticum 
'centre median' 
colliculus inferior 
colliculus superior 
commissura posterior 
conmissura palili anterior 
cortex dorsalis 
cortex lateralis 
cortex mediodorsalis 
deep layer of the cortex lateralis 
nucleus dorsointermedius posterior thalami 
dorsal peduncle of the lateral forebrain bundle 
nucleus entopeduncularis anterior 
nucleus entopeduncularis posterior 
fasciculus longitudinalis medialis 
fasciculus retroflexus 
fissura strioamygdaloidea 
griseum centrale 
globus pallidas external segment 
globus pallidus internal segment 
habenula 
hyperstriatum ventrale 
nucleus intrapeduncularis telencephali (Pigeon) 
nucleus interstitialis 
nucleus intermedius 
nucleus intrapeduncularis (Tupinambis) 
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Lam term lamina terminalis 
Ifb lateral forebrain bundle 
Nc neostriatum caudale 
Nca nucleus of the anterior commissure 
Ncf nucleus campi Foreli 
Nctol nucleus of the tractus olfactorius lateralis 
Ndb nucleus of the diagonal band of Broca 
Ni neostriatum intermedium 
Ns nucleus sphaericus 
nlll nervus oculomotorius 
Pa paleostriatum augmentatum 
Pepo nucleus periventricularis preopticus 
poste fx postcommissural fornix 
Pp paleostriatum primitivum 
prec fx preconmissural fornix 
Prm nucleus profundus mesencephali 
Pth palliai thickening 
Put putamen 
Ras nucleus raphes superior 
Ris nucleus reticularis isthmi 
Rm nucleus reticularis médius 
Rpo regio preoptica 
Rt nucleus rotundus thalami 
Rub nucleus ruber 
rVme radix mesencephalicus n. trigemini 
Sd dorsal striatum 
Sea nucleus septi anterior 
Sel nucleus septi lateralis 
Seli nucleus septi lateralis pars inferior 
Sels nucleus septi lateralis pars superior 
Sept regio septalis 
sm stria medullaris 
Sn substantia nigra 
Snc substantia nigra pars compacta 
Snr substantia nigra pars reticulata 
Spi nucleus spiriformis lateralis 
Sth nucleus subthalamicus 
Sv ventral striatum 
Svi ventral striatum large-celled part 
Svs ventral striatum small-celled part 
tahd tractus amygdalohypothalamicus dorsalis 
Tec tectum mesencephali 
Tem tegmentum mesencephali 
To tuberculum olfactorium 
To deep layer deep layer of the tuberculum olfactorium 
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superficial layer of Che tuberculum olfactorium 
tractus olfactorius lateralis 
tractus olfactorius medialis 
nucleus tegmenti pedunculopontinus 
torus semicircularis 
nucleus ventralis anterior thalami 
nucleus ventralis lateralis pars medialis 
thalami 
nucleus ventralis lateralis pars oralis thalami 
nucleus ventromedialis hypothalami 
nucleus ventromedialis thalami 
ventral peduncle of the lateral forebrain bundle 
nucleus oculomotorius 
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SOME NOTES ON THE NORMAL ANATOMY OF THE SUBCORTICAL CENTERS 
OF THE TELENCEPHALON OF TUPINAMBIS NIGROPUNCTATUS 
With the introduction of the reduced silver impregnation 
techniques the experimental approach in anatomical brain 
research has been playing an increasingly important role in 
the identification and elucidation of interneuronal relation-
ships in the central nervous system. It must be emphasized, 
however, that this approach can only be really succesful when 
it is based on a thorough knowledge of the topography of the 
nervous structures involved. 
Already in 1937-1939 the cortical and subcortical areas 
in the telencephalon of Tupinambis nigropunctatus were studied 
by Curwen, and more detailed analyses of the pallium have 
recently been provided by Ebbesson and Voneida (1969) and 
Lohman and Mentink (1972). Since in Curwen's descriptions more 
emphasis was laid on the relative positions of the nuclear 
structures rather than on the precise lines of demarcation 
between neighbouring areas, it was felt necessary to make a 
new survey of the subcortical areas mainly concentrating upon 
the boundaries of the various cell groups. Designation of 
these boundaries was primarily done on the basis of cyto-
architectural criteria, but additional use has been made of 
histochemical observations and the results of the present 
experimental investigation. 
The nomenclature adopted closely agrees with the termi-
nologies used by Curwen ('37, '38, '39), Platel ('71) and 
Lohman and Mentink ('72). 
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Nucleus olfactorius anterior 
The anterior olfactory nucleus is situated at the junction of 
the olfactory peduncle and the cerebral hemisphere. It consists 
of a superficially situated cortex-like cell layer which 
surrounds the olfactory ventricle. The nucleus can be divided 
into a ventral and a dorsal part. The dorsal part is composed 
of medium-sized cells showing a tendency to the formation of 
clusters of 4-5 cells. The ventral part consists of somewhat 
smaller cells that are loosely arranged. Caudalward the dorsal 
part gradually passes medially into the dorsal cortex and 
laterally into the lateral cortex. The ventral part is posterior-
ly continuous with the olfactory tubercle. 
Tuberculum olfactorium 
The olfactory tubercle can be regarded as a caudal continuation 
of the ventral part of the anterior olfactory nucleus. It con-
sists of a superficial and a deep layer. The superficial layer 
shows a cortex-like structure and resembles very closely the 
ventral part of the anterior olfactory nucleus (fig. 3). It 
occupies the ventromedial wall in the rostral part of the 
cerebral hemisphere, and extends caudal to the nucleus of the 
diagonal band of Broca. The deep layer of the olfactory tubercle 
is situated between the inferior angle of the lateral ventricle 
and the superficial layer (fig. 3). The neurons of the deep layer 
are small and do not show the regular cellular arrangement of the 
superficial layer. Caudally the deep layer is replaced medially 
by the nucleus accumbens and the bed nucleus of the medial fore-
brain bundle and laterally by the ventral striatum. 
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Nucleus of the tractus olfactorius lateralis 
At the level of the nucleus olfactorius anterior the nucleus 
of the lateral olfactory tract is a very prominent structure 
(fig. 3)· It extends dorsomedially over the ventricle into the 
rostral part of the septal area. This part of the nucleus of 
the lateral olfactory tract, lying medial to the ventricle, 
has been called by us the anterior septal nucleus. The rest of 
the nucleus of the tractus olfactorius lateralis surrounds the 
lateral olfactory tract and can be traced caudally as far as 
the amygdaloid complex. 
Regio septalis 
Together with the bed nucleus of the medial forebrain bundle 
and the nucleus accumbens, the septal region occupies the major 
part of the ventromedial wall of the cerebral hemisphere. The 
septal region itself can be divided into a medial and a lateral 
part. The former consists of loosely arranged, medium-sized 
cells and is traversed by efferent fibers of the pallium as 
well as by bundles of the anterior pallia! comnissure (fig. 8). 
The lateral, small-celled part constitutes the so-called nucleus 
septi lateralis. Rostrally in the septal region two separate 
parts of this nucleus can be differentiated. The upper one, 
located in the dorsolateral corner of the septal region, has 
been labeled nucleus septi lateralis pars superior, whereas the 
lower one, nucleus septi lateralis pars inferior, encompasses 
the ventrolateral corner of the septal region (fig. 6). At the 
level of the anterior commissure the two parts unite, so that 
in the caudal part of the septum only one nucleus septi 
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lateralis is present (fig. 9). 
Nucleus accumbens 
The nucleus accumbens lies around the ventral tip of the lateral 
ventricle in the rostral part of the cerebral hemisphere. 
Laterally it borders on the ventral striatum, whereas medially 
it is bounded by the septal region and the bed nucleus of the 
medial forebrain bundle. Because of its lack of myelinated 
fibers, the nucleus can be sharply delineated in Kliiver-Barrera 
preparations. Rostrally there exists a gradual transition into 
the deep layer of the olfactory tubercle (fig. 4). Caudally the 
nucleus accumbens extends to a level just rostral to the anterior 
comnissure. 
Bed nucleus of the medial forebrain bundle 
The bed nucleus of the medial forebrain bundle occupies the 
greater part of the ventromedial wall of the hemisphere. It 
consists of an ill-defined group of cells lying between the 
fibers of the medial forebrain bundle (fig. 7). In Nissl and 
Klüver-Barrera preparations no sharp boundary can be drawn 
between this nucleus and the ventral striatum. However, from 
our experimental observations it appears that such a boundary, 
in fact, exists. 
Nucleus of the diagonal band of Broca 
The nucleus of the diagonal band of Broca can easily be 
recognized in the Tegu lizard. It consists of a narrow layer 
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of small cells which lies in the ventral and medial wall of 
the hemisphere superficial to the bed nucleus of the medial 
forebrain bundle and just rostral to the anterior commissure 
(fig. 7). 
Striatum 
The most conspicuous structure in the cerebral hemisphere of 
reptiles is the strio-amygdaloid complex, and this also applies 
to the Tegu lizard. The complex forms most of the lateral wall 
of the hemisphere and bulges into the ventricle reducing this 
structure to a narrow cleft. It can be divided into three parts: 
I) the dorsal striatum, 2) the ventral striatum and 3) the 
amygdaloid complex. The dorsal and ventral striatum together 
occupy the rostral part of the strio-amygdaloid complex, whereas 
the caudal part consists of the amygdala. The boundary between 
the striatum and the amygdala is dorsally marked by a transverse 
groove on the ventricular surface of the strio-amygdaloid 
complex (fig. 7). This groove has been described by Herman ('25) 
in Varanus salvator as the fissura neo-archistriatica. In accord 
with the nomenclature used in the present paper, this groove 
will be named fissura strio-amygdaloidea. In addition, the 
transition between the striatum and the amygdaloid complex is 
indicated by two fiber bundles. The most rostral one represents 
a part of the anterior commissure (Curweη '38). As is apparent 
from our experimental observations, this bundle originates from 
the caudal part of the dorsal striatum and courses via the 
anterior commissure toward the contralateral ventral striatum 
(fig. 12). Immediately caudal to this fiber bundle lies the 
tractus amygdalohypothalamicus dorsalis (Curwen '37). This fiber 
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tract courses together with the former bundle until it reaches 
the anterior commissure, where it bends caudoventrally and in 
this direction can be traced further caudalward to the nucleus 
ventromedialis of the hypothalamus (fig· 12). 
As already mentioned above, the striatum itself can be 
divided into a dorsal and a ventral striatum. The two parts 
are separated from each other by a cell-free zone. At the 
ventricular surface this division is often marked by a shallow 
groove. 
The dorsal striatum begins rostrally at the level of the 
anterior olfactory nucleus. Laterally it borders directly on 
an area that has been called 'neostriatum laterale' by Curwen 
('38). This area is situated between the lateral cortex and 
the dorsal striatum and consists mainly of irregularly arranged 
cells which are more or less spindle shaped. It is further 
characterized by being a target area for fibers originating in 
the amygdaloid complex (personal observation). Because of this 
amygdaloid projection the striatal nature of the neostriatum 
laterale becomes questionable. Therefore, this area has been 
indicated in the present report as the 'deep layer of the 
lateral cortex', suggesting that it belongs to the lateral 
cortex rather than to the dorsal striatum. 
The transition of the dorsal striatum to the dorsal cortex 
is rostrally characterized by the presence of the so-called 
palliai thickening (Johnston, '15). This cell area has often 
been the subject for speculations as regards the origin of the 
neocortex. In the turtle it has been described by Johnston 
('15, '16) as a thickening of the lateral border of the general 
pallium. It was further stated by Crosby ('17) that a comparable 
area in the alligator receives a higher type of integrated 
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impulses from the hippocampus and the piriform lobe in addition 
to somatic afferent fibers from the diencephalon. In consequence, 
she regarded it as the inmediate precursor of the neopallium and, 
therefore, called this area 'primordium neopallii'. Elliot Smith 
('19, p. 284) used this term in the same sense in his descriptions 
of Varanus griseus and Lacerta viridis. He concluded that: 'The 
homologue of the neopallium of mammals is found in the anterior 
part of the so-called 'corpus striatum' of crocodiles and birds'. 
From the experimental observations of Lohman and Van Woerden 
('75), however, it has become clear that the palliai thickening 
cannot be considered as a pure cortical area nor as a pure 
striatal structure. Because these authors could not demonstrate 
any projections of the pallia! thickening upon structures out-
side the telencephalon, as far as its efferent connections are 
concerned, there is no reason to consider this particular area 
as a 'primordium neopallii'. 
With the help of Nissl and Klüver-Barrera preparations it 
is possible to distinguish some cell areas in the dorsal striatum. 
For instance, it can clearly be seen that the subventricular zone 
immediately beneath the lateral ventricle is different from the 
deeper parts of the dorsal striatum, because it is characterized 
by the presence of cell clusters each consisting of 4-5 cells. 
Although no proper 'hypopallium' is present in Tupinambis as in 
Sphenodon (Elliot Smith '19), the presence of cell clusters yet 
indicates the existence of an equivalent structure in the Tegu 
lizard. 
In the central part of the dorsal striatum the cells are 
loosely arranged resembling the core nucleus in the striatum of 
the turtle (Northcutt '70). Rostrally in this central part a 
rather well-defined cell area can be distinguished: the nucleus 
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intermedius (fig. 5). The ventral and lateral borders of this 
nucleus are clearly marked by a V-shaped band of fibers 
separating this nucleus from the ventral striatum ventrally 
and the palliai thickening and the lateral olfactory tract 
laterally. The fibers of this band belong to the dorsal peduncle 
of the lateral forebrain bundle. Dorsomedially the nucleus 
intermedius fuses with the adjacent part of the dorsal striatum. 
More caudally this nucleus becomes less distinct, and in the 
posterior part of the dorsal striatum it cannot be delineated 
as a separate cell group anymore. 
Although a shallow groove on the dorsal surface of the 
dorsal striatum (fig. 4) seems to divide the dorsal striatum 
into a medial and a lateral part, no corresponding cyto-
architectonic differences have been observed in normal material. 
Experimental investigations of Hall and Ebner ('70), Pritz ('74) 
and Foster and Peele ('75), however, suggest that such a 
division exists in reptiles as regards the afferent connections. 
The ventral part of the basal ganglia is anteriorly occupied 
by the ventral striatum which extends rostrocaudally from the 
level of the olfactory tubercle to the anterior commissure 
(figs. 4 and 11). Dorsally the ventral striatum is sharply 
demarcated from the dorsal striatum by a cell-free zone. 
Rostrally and medially the boundaries with the olfactory tubercle 
and the bed nucleus of the medial forebrain bundle are not 
distinct. According to Curwen ('38), the ventral striatum of the 
Tegu lizard can be divided into a medial, small-celled part and 
a lateral, large-celled part. The latter is especially prominent 
in the caudal part of the ventral striatum. The two parts of the 
ventral striatum are more or less separated from each other by 
the lateral forebrain bundle. This fiber bundle consists of a 
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ventral peduncle. The dorsal peduncle fans out in the dorsal 
striatum, whereas the ventral peduncle is confined to the 
ventral striatum. Its most rostral fibers reach the olfactory 
tubercle. Some very large cells are situated among the fibers 
of the ventral peduncle. These cells have been called by us 
the nucleus intrapeduncularis (fig. 6)« 
As has been mentioned above, the amygdaloid complex which 
occupies the major part of the caudal pole of the hemisphere 
borders directly on the caudal part of the striatum separated 
from it by the tractus amygdalohypothalamicus dorsalis and 
fibers of the anterior commissure. Its posterior part is 
surrounded by the ventricle, whereas anteromedially there is 
continuity with the preoptic region of the diencephalon. 
Anterolaterally a close relation exists with the lateral 
cortex. As our interpretation of the amygdaloid complex, 
except for a minor difference in terminology, is in accord 
with the report of Curwen ('39), the various nuclei which 
constitute this complex will only briefly be described. 
The most conspicuous area in the amygdaloid complex is 
the nucleus sphaericus whose cells are arranged in a cortex-
like fashion. Curwen ('39) called this cell mass nucleus 
posterior amygdalae, but because of its intimate relation 
with the accessory olfactory bulb by way of the lateral 
olfactory tract (Heimer '69), which sets it apart from the 
rest of the amygdala, the original label of Meyer (1892) has 
again been adopted (fig. 10). 
The nucleus dorsalis amygdalae and the nucleus lateralis 
amygdalae form together the most rostral part of the amygdaloid 
complex (fig. 7). Both nuclei are more or lees continuous with 
the deep layer of the lateral cortex. Caudally they are 
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repLaced by the nucleus externus amygdalae which occupies the 
caudolateral part of the amygdaloid region (fig. 8). The cells 
of the latter nucleus, like those of the dorsal striatum, show 
a tendency to form clusters of 4-5 cells. 
The nucleus centralis amygdalae is situated between the 
nucleus sphaericus and the nucleus externus amygdalae (fig. 9). 
It is medially continuous with the nucleus interstitialis which 
consists of small cells lying between the fibers of the 
olfactory projection tract of Cajal (Johnston '15, Crosby '17). 
This fiber system is believed to connect the amygdaloid complex 
with the diencephalon. A separate group of cells can also be 
distinguished among the fiber bundles of the lateral olfactory 
tract as it extends into the nucleus sphaericus. These cells 
constitute the nucleus internus amygdalae. Finally, lateral to 
the ventral part of the nucleus sphaericus lies the nucleus 
marginalis amygdalae. It consists of small, darkly staining 
cells, and is further characterized by its close relation to 
the ventrolateral extension of the lateral ventricle. 
Although a detailed account of the telencephalic fiber 
systems that can be seen in normal material is beyond the scope 
of the present study, some of these systems must shortly be 
described because they form conspicuous structures in the 
architecture of the forebrain. 
The medial forebrain bundle can only be recognized as a 
separate fiber tract at the transition from the telencephalon 
to the diencephalon. Within the telencephalon it is made up 
of diffusely arranged fibers which lie among the cells of the 
ventromedial wall of the hemisphere and are indistinguishable 
from the most medial fibers of the lateral forebrain bundle. 
The latter bundle, which is the main tract connecting the 
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striatal structures with lover brain areas, can be divided into 
a dorsal and a ventral peduncle. It must be noted that study of 
Haggqvist preparations reveals that the ventral peduncle 
contains a bundle of coarse, heavily myelinated fibers which, 
apparently, form a connection between the nucleus intrapedun-
cularis in the ventral striatum and the nucleus ventromedialis 
of the ventral thalamus. 
The lateral olfactory tract, surrounded by the nucleus of 
the same name is a very prominent fiber bundle in the lateral 
wall of the hemisphere. It links the accessory olfactory bulb 
with the amygdaloid complex. 
Apart from these impressive fiber tracts some smaller 
systems must be mentioned. The pre- and post-commissural 
fornices which, according to Lohman and Mentink ('72) connect 
the cerebral cortex with the septum and hypothalamus, descend 
in the medial wall of the hemisphere (fig. 9). 
The stria medullaris (figs. 8 and 9) consists of several 
separate fiber bundles which course along the ventral surface 
of the telencephalon. Most of its fibers decussate in the 
habenular commissure. In normal material the different components 
cannot be traced toward circumscribed areas of origin or 
termination because they become interwoven with other fiber 
systems such as the diagonal band of Broca and the lateral 
forebrain bundle. 
Two fiber tracts can be seen connecting the amygdaloid 
complex with diencephalic structures. The tractus amygdalo-
hypothalamicus dorsalis originates in the rostrolateral part 
of the amygdaloid region and terminates in the ventromedial 
hypothalamic nucleus (fig. 12). The other bundle is the 
olfactory projection tract of Cajal which seemingly arises 
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for a major part in the ventral areas of the amygdala. This 
tract runs in a ventromedial direction toward the diencephalon 
where its fibers mingle with other fiber systems. 
-21-
ATLAS OF THE TELENCEPHALON 
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Fig. 2 Dorsal view of the brain of Tupinambis nigropunctatus. 
The levels of the transverse sections of figs. 3-10 have been 
indicated. 
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Fig. 11 A graphical reconstruction of some cell areas in 
the telencephalon projected on the median plane. For 
abbreviations see page 6. 
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EFFERENT AND INTRINSIC CONNECTIONS OF THE DORSAL STRIATUM 
Efferent connections 
In 14 animals electrolytic lesions were placed in various parts 
of the dorsal striatum. Survival times of 14 to 35 days followed 
surgery. It appeared from these experiments that the efferent 
fibers leaving the dorsal striatum do not extend beyond the 
telencephalon. Within the telencephalon itself various pro-
jections of the dorsal striatum have been found. In all animals 
there exists a connection to the ipsilateral ventral striatum. 
Although it is sometimes difficult to trace the degenerating 
fibers leaving the dorsal striatum, it is always possible to 
demonstrate the presence of terminal degeneration in the ventral 
striatum following lesions in the dorsal striatum. The amount of 
'boutons terminaux' that can be seen in Fink-Heimer preparations, 
is dependent on the survival time as well as on the size of the 
lesion. Dense terminal degeneration in the ventral striatum is 
present following a survival time of 14 days, but even after 28 
days some terminal degeneration can still be demonstrated. The 
projection from the dorsal striatum upon the ventral striatum 
shows a topical organization along both rostro-caudal and medio-
lateral axes. Lesions in the rostral part of the dorsal striatum 
cause terminal degeneration only in the rostral part of the 
ventral striatum, whereas the caudal part of the dorsal striatum 
projects to the caudal part of the ventral striatum. Furthermore, 
the lateral part of the dorsal striatum is connected mainly with 
the large-celled part of the ventral striatum, whereas the 
medial part of the dorsal striatum projects mainly to the 
small-celled part of the ventral striatum. 
Lesions confined to the roost caudal part of the dorsal 
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striatum elicit additional degeneration of fibers that can be 
traced via the anterior commissure to the contralateral 
hemisphere. After crossing the midline these fibers turn 
ventrally and distribute to the caudal part of the ventral 
striatum (fig. 12). Whether these commissural fibers originate 
in the medial as well as in the lateral part of the caudal 
pole of the dorsal striatum remains questionable, because 
lesions confined to the medial part also interrupt the passing 
commissural fibers arising from the lateral part of the dorsal 
striatum. From four lesions that were restricted to the caudal 
portion of the dorsal striatum either medially or laterally it 
appeared that this part of the striatal complex also projects 
upon the lateral amygdaloid nucleus. Following these lesions 
degenerating fibers can be traced directly to the lateral 
amygdaloid nucleus without forming a separate fiber bundle. 
Dense terminal degeneration is always present in the whole 
lateral amygdaloid nucleus, even after 28 days survival time 
(figs. 12 and 13). The possible significance of this projection 
will be discussed later on. 
Although cytoarchitectonally no clear distinction can be 
made between the rostral and caudal parts of the dorsal 
striatum, it appears from the present experiments that dif-
ferences exist as far as the efferent connections are concerned. 
Lesions placed in the rostral part of the dorsal striatum cause 
degeneration that can be traced only to the ventral striatum, 
whereas lesions located in the caudal part of the dorsal 
striatum elicit additional degeneration in the lateral amygda-
loid nucleus of the ipsilateral hemisphere and the caudal 
portion of the ventral striatum of the contralateral hemisphere. 
It must further be noted that, when the rostral part of the 
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amygdaloid complex is involved in Che caudally placed lesions, 
fiber degeneration can also be observed in the dorsal amygdalo-
hypothalamic tract. As mentioned in the previous chapter, this 
fiber tract reaches the ventromedial hypothalamic nucleus. 
Terminal degeneration appeared to be present in this nucleus 
following a survival time of 14 days (fig. 12). 
Because in the present experiments the lesions in the 
dorsal striatum were placed by the aid of electrodes intro-
duced from the dorsal side, it is difficult to ascertain 
whether the subsequent fiber and terminal degeneration in the 
pallium is due to the striatal lesion damaging neurons as well 
as fibers of passage or has been caused by the electrode track 
that traverses the cortical areas. It is, however, highly 
probable that no fibers reach the pallium from the dorsal 
striatum because the distribution of degeneration in the 
cortical zones is essentially the same as the pattern of 
degeneration described by Lohman and Mentink ('72) following 
lesions which were restricted to the cortical areas. 
Intrinsic connections 
In addition to the efferent connections described above, 
following dorsal striatal lesions terminal degeneration can 
be found within the dorsal striatum in areas not affected by 
the lesions. Some of this terminal degeneration can be 
regarded as the result of interrupted fibers of passage, but 
some must be ascribed to the existence of intrinsic striatal 
connections. 
Lesions confined to the subventricular layer just beneath 
the lateral ventricle always cause dense terminal degeneration 
in the central part of the dorsal striatum (fig. 13). It is 
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not very likely that this projection is attributable to an 
interruption of fibers of passage because lesions in adjacent 
areas never cause such degeneration. 
Following lesions confined to the central parts of the 
dorsal striatum dense terminal degeneration can be found in 
the subventricular layer dorsal and caudal to the lesions 
(fig. 14). The presence of these terminals, however, may be 
at least partially due to the involvement by the lesion of 
afferent striatal fibers belonging to the lateral forebrain 
bundle, which course through the ventral striatum dorsally 
and rostrally into the dorsal striatum. To reach the caudal 
extension of the dorsal striatum, which lies dorsal and medial 
to the rostral amygdaloid nuclei, the lateral forebrain bundle 
fibers arch around the anterior pole of the amygdaloid complex 
at its rostral side and then course caudalward to the posterior 
part of the striatal complex. When these fibers are interrupted 
by lesions in the central part of the dorsal striatum, terminal 
degeneration can always be observed in the posterior part of 
the subventricular layer of the dorsal striatum (fig. 12). If 
only the rostral extension of the central part of the dorsal 
striatum is affected by the lesion, terminal degeneration can 
be found in the subventricular layer mainly dorsal to the 
lesion (fig. 14). 
Because the apparent degeneration in the subventricular 
layer following lesions in the central part of the dorsal 
striatum agrees with the pattern of degeneration that could 
be expected on the basis of interruption of the fibers of the 
lateral forebrain bundle, it is difficult to prove from these 
experiments whether there exist additional projections from 
the central part upon the subventricular layer. It must 
-43-
further be noted that some of the terminal degeneration in the 
dorsolateral part of the subventricular layer must be ascribed 
to the interruption by the passing electrode of fibers that 
originate in the small-celled part of the mediodorsal cortex 
(Lohman and Mentink '72). 
Although the nucleus intermedius can be easily recognized 
in normal material, in the present experiments no connections 
of this nucleus have been noticed that are different from the 
efferent connections of the remainder of the rostral part of 
the dorsal striatum. 
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Fig. 12 Frontal sections showing fiber and terminal degeneration 
following a lesion caudally in the dorsal striatum including the 
rostral part of the amygdala. Postoperative survival time 14 days. 
Broken lines: fibers. Dots: terminals. For abbreviations see page 6. 
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Fig. 13 Frontal sections showing fiber and terminal degeneration 
following a lesion caudally in the subventricular layer of the 
dorsal striatum. Postoperative survival time 14 days. Broken 
lines: fibers. Dots: terminals. For abbreviations see page 6. 
Fig. 14 Frontal sections showing the terminal degeneration 
following a lesion centrally in the dorsal striatum. Post-
operative survival time 14 days. Terminal degeneration indicated 
by dots. For abbreviations see page 6. 
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EFFERENT CONNECTIONS OF THE VENTRAL STRIATUM 
In order to study its efferent connections, in 28 animals small 
and large electrolytic lesions were placed at various loci in 
the ventral striatum. Survival times varied from 14 to 35 days. 
In all cases these lesions were found to cause degeneration of 
fibers running caudalward in the ventral peduncle of the lateral 
forebrain bundle. Some of the fibers can be traced to the nuclei 
entopedunculares anterior and posterior, whereas others 
distribute to the central region of the tegmentum mesencephali 
and to a cell area that has been called substantia nigra by 
Beccari ('23) (fig. 20b). The nucleus entopeduncularis anterior 
is found in the diencephalon where most of its cells lie among 
the fibers of the dorsal peduncle of the lateral forebrain 
bundle (cf. Cruce '74). The nucleus entopeduncularis posterior 
lies just rostral to the substantia nigra (fig. 20b) in close 
relation to the ventral peduncle of the lateral forebrain bundle 
(figs. 17-19). It contains large, darkly stained cells not 
resembling the smaller cells that are present in the anterior 
entopeduncular nucleus. No continuity between the anterior and 
posterior entopeduncular nuclei has been observed in the Tegu 
lizard. In the present experiments it was not possible to 
ascertain whether these fibers of the ventral peduncle of the 
lateral forebrain bundle have their origin throughout the 
ventral striatum or, e.g., only in its small-celled part, 
because lesions that are centered in the large-celled part 
and the nucleus intrapeduncularis also interrupt the passing 
efferent fibers of the small-celled part. 
In addition to being connected with the above-mentioned 
structures, the ventral striatum also distributes fibers to 
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some other areas, but degeneration of these efferent fibers 
appears to be dependent on the site of the lesion. Following 
lesions inflicted dorsocaudally in the small-celled part, 
degenerating fibers of small calibre can be observed running 
ventrally toward the ventral surface of the hemisphere. Here, 
they bend medially and, after passing the lateral forebrain 
bundle at its ventral aspect, turn caudally and join the 
ventral peduncle of the lateral forebrain bundle of which 
they constitute the most medial fibers. They leave the lateral 
forebrain bundle at the level of its bifurcation in the 
diencephalon. The fibers then proceed medially and caudally 
along the ventral surface of the diencephalon and mesencephalon 
and terminate in the neuropile ventral and rostral to the 
nucleus ruber (fig. IS). This field of termination has been 
called by us 'the prerubral area'. 
When only the most rostral part of the ventral striatum 
is destroyed terminal degeneration can be observed in the 
hypothalamus. The degenerating fibers caused by these lesions 
course caudalward through the medial part of the ventral 
striatum and accumulate in a fascicle medial to the ventral 
peduncle of the lateral forebrain bundle. They terminate in 
the neuropile of the lateral hypothalamic area (fig. 16). 
Since a similar pattern of degeneration can be observed 
following lesions placed at the transition from the olfactory 
tubercle to the ventral striatum, these fibers probably 
originate from the olfactory tubercle rather than from the 
rostral part of the ventral striatum. This bundle has also 
been observed in normal material by Corwen ('37) who called 
it 'tractus olfactohypothalamicus profundus'. 
Degeneration in the nucleus ventromedialis of the thalamus 
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is seen when lesions are confined to the medial part of the 
ventral striatum. It must also be noted that in these cases, 
especially when the lesions are placed caudally, the projection 
to the tegmentum mesencephali is far more pronounced than 
following lesions in other parts of the ventral striatum (fig. 
17). Although it is difficult to distinguish the medial part 
of the ventral striatum from the bed nucleus of the medial 
forebrain bundle, the fact that the degenerating fibers reaching 
the ventral thalamus and the tegmentum mesencephali travel via 
the ventral peduncle of the lateral forebrain bundle makes it 
very likely that these fibers originate in the ventral striatum 
itself. It must, however, be realized that additional pro-
jections from the nucleus accumbens, the bed nucleus of the 
medial forebrain bundle and even of the rostral part of the 
amygdaloid complex cannot be excluded with certainty. 
In contrast to the ventral peduncle which shows degeneration 
in all cases of ventral striatal lesions, fiber degeneration in 
the dorsal peduncle can only be observed when the lesions 
involve the large-celled part of the ventral striatum. These 
fibers can be followed caudally toward the diencephalon where 
they distribute to the nucleus rotundus of the thalamus (fig.18). 
In view of the fact that this fiber degeneration in the dorsal 
peduncle can solely be demonstrated in cases with 28 days 
survival time and that, even following shorter survival times, 
no terminal degeneration in the nucleus rotundus can be observed, 
it might be questioned whether the degenerating fibers can be 
interpreted as anterograde degeneration. Such a view seems to 
be strengthened by the report of Hall and Ebner ('70), who found 
in the turtle that the nucleus rotundus projects upon the 
striatum. However, although the possibility of retrograde fiber 
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degeneration cannot entirely be excluded, the findings of the 
present study, in which a projection from the ventral striatum 
to the nucleus rotundus was found in 6 animals without signs 
of retrograde degeneration in any other fiber system that in 
other reptiles is known to connect the dorsal thalamus with 
the striatum (Hall and Ebner '70, Fritz '73, '74 and Foster 
and Peele '75), in our view, strongly suggest that such a 
projection, in fact, exists. Preliminary experiments with the 
use of the horseradish peroxidase technique have revealed 
that the afferent striatal fibers originate in the nucleus 
reuniens, the dorsolateral and dorsomedial thalami nuclei, 
and probably also in the nucleus rotundus. In the present 
experiments no degeneration to the three nuclei first men-
tioned has been observed following striatal lesions. 
It appeared to be difficult to study the efferent con-
nections of the nucleus intrapeduncularis by means of elec-
trolytic lesions. As mentioned above, this nucleus is 
situated among the fibers of the lateral forebrain bundle 
and, therefore, lesions in which the nucleus intrapeduncularis 
is involved also interrupt many fibers of this bundle. More-
over, it appeared that lesions destroying the intrapeduncular 
nucleus, hardly caused any degeneration different from the 
total of degeneration obtained by the lesions described earlier. 
Analysis of Häggqvist material suggests that the coarse fibers, 
which form part of the lateral forebrain bundle, originate in 
the intrapeduncular nucleus. Ventral striatal lesions which 
destroy this nucleus, cause indeed degeneration of these coarse 
fibers. They join the efferent fibers of the medial part of the 
ventral striatum and can be traced toward the nucleus ventro-
medial is of the thalamus. 
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Besides its distribution to the above-mentioned structures, 
the ventral striatum emits fibers to the central grey of the 
mesencephalon and the lateral cerebellar nucleus in the rhomb­
encephalon (nomenclature according to Ten Donkelaar '75). 
These projections were only found in cases in which large 
lesions had destroyed almost all of the ventral striatum. The 
fibers reaching these areas travel by way of the ventral 
peduncle of the lateral forebrain bundle. As is shown in fig. 
19, the degenerated fibers that terminate in the mesencephalic 
central grey separate from the ventral peduncle at the level 
of the torus semicircularis and traverse the tegmentum mesen-
cephali in a dorsocaudal direction, whereas the fibers 
destined for the nucleus cerebellaris lateralis first pass 
through the substantia nigra and then also turn dorsocaudally. 
In both areas terminal degeneration is present after 14 days 
survival time (fig. 19). 
It must be noted that the present study has furnished no 
evidence as regards the existence of fibers that originate in 
the ventral striatum and cross the midline either in the 
anterior сопт issure or via components of the lateral forebrain 
bundle. In a few cases, however, degenerating fibers have been 
observed in the habenular conmissure. These fibers belong to 
the stria medullaris and, very probably, are interrupted fibers 
of passage. Whether some parts of the stria medullaris actually 
originate in the striatal complex cannot be stated with certainty 
on the basis of the present experiments. 
A striohabenular projection as described in mammals (Ranson 
et al. '41; Nauta and Mehler '66; H. Nauta '74) could not be 
demonstrated in the present study. However, since preliminary 
autoradiografic studies suggested the existence of such a 
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connection it is very likely that the failure to reveal this 
striohabenular tract in the present experiments must be ascribed 
to the fact that some fiber systems are hardly demonstrable 
with the reduced silver techniques applied (cf. Ebbesson '70). 
Degeneration in the pallium and the dorsal striatum 
following ventral striatal lesions is difficult to interpret 
because of the passage of the electrodes through these structures 
and the interruption by the lesions of many fibers afferent to 
these areas. As regards degeneration in the cortical areas, it 
can be said that there is no reason to ascribe this degeneration 
to projections from the ventral striatum, because the dis-
tribution of degeneration in the cortical zones is essentially 
the same as the pattern of degeneration described by Lohman and 
Mentink ('72) following lesions restricted to the cortical areas. 
Moreover, no degenerating fibers could be traced to the pallium 
from the sites of the lesions in the ventral striatum. The dorsal 
striatum always contains heavy degeneration following lesions in 
the ventral striatum, but no conclusions about the presence of 
efferent connections from the ventral striatum can be drawn, 
because of the unavoidable damage by the lesions of the lateral 
forebrain bundle fibers that are afferent to the dorsal striatum. 
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Fig. 15 Frontal sections showing fiber and terminal 
degeneration following a lesion dorsolaterally in the ventral 
striatum. Postoperative survival time 14 days. Broken lines: 
fibers. Dots: terminals. For abbreviations see page 6. 
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Fig. 16 Frontal sections showing fiber and terminal 
degeneration following a lesion rostrally in the ventral 
striatum. Postoperative survival time 14 days. Broken lines: 
fibers. Dots: terminals. For abbreviations see page 6. 
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Fig. 17 Frontal sections showing fiber and terminal 
degeneration following a lesion medially in the ventral 
striatum. Postoperative survival time 14 days. Broken lines: 
fibers. Dots: terminals. For abbreviations see page 6. 
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Fig. 18 Frontal sections showing fiber and terminal 
degeneration following a lesion laterally in the ventral 
striatum. Postoperative survival time 28 days. Fiber 
degeneration indicated by broken lines. For abbreviations 
see page 6. 
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Fig. 19 Frontal sections showing fiber and terminal 
degeneration following a large lesion destroying almost 
the entire ventral striatum. Postoperative survival time 
14 days. Broken lines: fibers. Dots: terminals. For 
abbreviations see page 6. 
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DISCUSSION 
The striatum of the lizard Tupinambis nigropunctatus can be 
divided into a dorsal part or dorsal striatum and a ventral 
part or ventral striatum. The purpose of the present report 
was to determine the efferent connections of both these 
divisions, and this was done by studying the patterns of 
fiber and terminal degeneration following electrolytic lesions 
variously placed in the striatal complex and its surrounding 
areas. 
As regards the dorsal striatum, it could be demonstrated 
that the main termination site of its efferent fibers is the 
ventral striatum, whereas its caudal part, in addition, has 
projections to the adjacent lateral amygdaloid nucleus and 
the contralateral ventral striatum. The fibers reaching the 
latter area cross the midline in the anterior commissure. 
Since lesions restricted to the subventricular layer of the 
dorsal striatum were found to cause dense terminal degeneration 
in its more central part, it appears evident that intrinsic 
striatal connections also exist. It could not be ascertained 
whether there are any striocortical projections, because in all 
cases the cortical fields situated dorsal to the lesioned 
striatal areas were unavoidably damaged by the passage of the 
electrode. 
From all parts of the ventral striatum efferent fibers 
could be traced via the ventral peduncle of the lateral forebrain 
bundle to the nuclei entopedunculares anterior and posterior, the 
substantia nigra and the tegmentum mesencephali. It was further 
found that the dorsolateral part of the ventral striatum has an 
additional projection to the so-called prerubral area in the 
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mesencephalon, whereas its medial part also distributes to 
the ventromedial nucleus of the thalamus. A third supplementary 
projection was observed following lesions in the most rostral 
part of the ventral striatum. The fibers of this connection, 
which very likely originate not in the ventral striatum but in 
the more rostrally situated olfactory tubercle, form the most 
medial fibers of the lateral forebrain bundle and terminate in 
the lateral hypothalamic area. They have earlier been identified 
by Curwen ('37), and were called by her the tractus olfacto-
hypothalamicus profundus. A similar pathway has experimentally 
been demonstrated in various rodents by Scott and Leonard ('71). 
From the experiments of Karten and Dubbeldam ('73) it might 
be interpreted that a corresponding connection also exists in 
birds. These authors found in the pigeon a projection from the 
lateral parolfactory area to the preoptic region and the 
anterior hypothalamic area. 
The bundle of coarse, heavily myelinated fibers that forms 
part of the ventral peduncle of the lateral forebrain bundle was 
found degenerated following lesions involving the intrapedun-
cular nucleus that lies among the fibers of the lateral fore-
brain bundle. Although these fibers resemble the avian strio-
mesencephalic tract that has been described by Huber and Crosby 
('29) and Verhaart ('71), in the Tegu lizard they cannot be 
traced beyond the diencephalon, where they appear to enter the 
nucleus ventromedialis of the thalamus. Whether the fibers 
actually terminate in this nucleus, could not be determined 
with certainty by the present experiments, because lesions in 
the intrapeduncular nucleus always interrupt the fibers that 
originate from the medial part of the ventral striatum and, 
as has been mentioned above, also distribute to the same nucleus. 
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The dorsal peduncle of Che lateral forebrain bundle carries 
efferent fibers from the lateral, large-celled part of the 
ventral striatum to the nucleus rotundus of the diencephalon. 
Although following striatal lesions terminal degeneration in 
this nucleus could never convincingly be demonstrated, it is 
nevertheless very likely that the degeneration of the fibers 
reaching the dorsal thalamus is an anterograde phenomenon. The 
main argument for this is that in none of our cases signs of 
retrograde degeneration were detected in any other fiber path-
way linking the telencephalon with lower brain areas. 
In addition to projecting to the above-mentioned structures, 
the ventral striatum distributes fibers to the mesencephalic 
central grey and the lateral cerebellar nucleus in the rhomb-
encephalon, but degeneration of these fibers could only be 
seen following large lesions that destroyed most or the whole 
of the ventral striatum. As these projections could not be 
demonstrated following the small lesions commonly used in the 
present experiments, this implies that their exact origins 
remains unknown. It is very likely, however, that the origins 
are confined to the ventral striatum, because of the absence 
of this particular fiber degeneration following lesions in 
adjacent areas. The projection to the central grey resembles 
the tractus corticomesencephalicus that has been identified 
by J. Hall ('71) in the turtle Pseudemys scripta. The experi-
ments of Lohman and Mentink ('72) have failed to produce 
evidence of a cortical origin of this tract in the Tegu lizard. 
The question may be raised whether the findings of the 
present study only apply to the Tegu lizard or are typical of 
all or most reptiles. Because of the lack of detailed con-
nectional data in other species, this question cannot be 
-60-
answered. However, the sparse experimental reports that hitherto 
have been published do suggest that there might exist inter-
specific differences as regards the sites of origin and ter-
mination of the fibers that connect the telencephalon with 
lower brain areas. For example, the projection to the nucleus 
rotundus of the dorsal thalamus that in the present study was 
found to originate from the large-celled part of the ventral 
striatum has been demonstrated by Riss et al. ('72) in the 
turtle Podocnemis unifilis to arise in the pallium. By contrast, 
in another turtle Chrysemys pietà belli Northcutt ('70) could 
not find a projection to the nucleus rotundus in cases of 
cortical lesions, whereas J. Hall ('71) regarded the presence 
of degenerating fibers coursing to the nucleus rotundus in the 
turtle Pseudemys scripta following lesions of the rostral part 
of the general cortex to be the result of indirect Wallerian 
degeneration (Grant and Aldskogius '67). 
The efferent connections of the striatum have extensively 
been studied by experimental neuroanatomical methods in three 
other classes of vertebrates: by Nauta and Mehler ('66) and 
Szabo ('70) in the monkey, by Verhaart ('71) and Karten and 
Dubbeldam ('73) in the pigeon and various other birds and by 
Halpern ('72) in the frog. These authors found that, in agree-
ment with descriptions of normal material, the descending path-
way of the striatum is represented by the ansa lenticularis in 
mammals, by the striotegmental tract (designated by Karten and 
Dubbeldam as the ansa lenticularis) in birds and by the lateral 
forebrain bundle in amphibians. The result of these studies and 
of the present experiments are schematically represented in 
fig. 20. It is evident from these diagrams that in all the 
animals studied there exists a striotegmental projection. In 
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the Tegu lizard Che tract terminates largely in an area which, 
according to the descriptions of Beccari ('23) and Huber and 
Crosby ('33), in the present study is referred to as the sub-
stantia nigra. In the frog the site of termination of the 
striotegmental tract was described by Halpern ('72) as 'a 
rather well-defined cell area' in the midbrain tegmentum, but 
no further label was given. In view of its being a special 
part of the reticular formation, the same area has recently 
been called the nucleus reticularis isthmi by Nieuwenhuys and 
Opdam ('76). As this nucleus has not only the same input but 
also similar topographical relations, it might be regarded to 
correspond to the substantia nigra of the Tegu lizard. In the 
pigeon Karten and Dubbeldam identified the nucleus tegmenti 
pedunculopontinus as the mesencephalic terminus of the strio-
tegmental tract. According to their report, only a minor part 
of this nucleus, the pars compacta ventralis, appears to 
correspond to the substantia nigra of mammals. That there 
might exist, however, a close relation between the nucleus 
tegmenti pedunculopontinus and the substantia nigra is indi-
cated by the demonstration of Pin et al. ('68) of the presence 
in the cat of catecholamine positive neurons in both these 
cell areas. In the monkey the ansa lenticularis terminates in 
the nucleus tegmenti pedunculopontinus as well as in the sub-
stantia nigra. It must be noted, however, that the component 
of the ansa lenticularis that distributes to the nucleus 
tegmenti pedunculopontinus originates from the internal segment 
of the globus pallidus and thus corresponds to the strioteg-
mental tract of the lizard, the pigeon and the frog, whereas 
the fibers reaching the substantia nigra mainly arise in the 
putamen and the nucleus caudatus (Szabo '70). 
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Fig. 20 Schematic representation of the efferent connections 
of the striatal complex in the frog. Rana pipiens (A), the 
lizard, Tupinambis nigropunctatus (Β), the pigeon. Columba 
livia (C) and the monkey. Macaca mulatta (D). Striohabenular 
connections have not been indicated. For abbreviations see 
page 6 (Modified from Halpern (A), Karten and Dubbeldam (С) 
and Nauta and Mehler (D)). 
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In the present study it was found that in reptiles, at 
least in the Tegu lizard, there exists a striocerebellar tract 
which terminates in the nucleus cerebellaris lateralis. The 
exact origin of this tract is unknown, because it could only 
be demonstrated following large lesions that destroyed almost 
the entire ventral striatum. Although the existence of such a 
fiber tract in the brain of vertebrates has been suggested by 
many authors on the basis of observations on normal material, 
no experimental evidence for it has previously been furnished 
neither in mammals nor in birds. It is important to note that 
the notion of Kokoros ('72) of the presence of a striocerebellar 
tract in the amphibian brain could not be confirmed by Halpern 
('72) who studied the descending telencephalic pathways in the 
frog. 
As it is known from the experiments of Hall and Ebner ('70) 
and Pritz ('73) that the nucleus rotundus sends efferent fibers 
to the dorsal striatum, the projection of the ventral striatum 
upon the nucleus rotundus can be regarded as part of a reci-
procal striothalamic connection which strongly resembles the 
circuit described in the monkey by Nauta and Hehler ('66) viz.: 
putamen - globus pallidus - 'centre median' - putamen. In the 
Tegu lizard this circuit consists of the connections between 
the dorsal striatum - ventral striatum - nucleus rotundus -
dorsal striatum. The existence of such a circuit in reptiles 
supports the notion of Belekhova and Kosareva ('71) that the 
reptilian nucleus rotundus represents both the nucleus 
lateralis posterior and the intralaminar nuclei of the dorsal 
thalamus of mammals. 
As regards the other projection sites of the basal ganglia, 
our ignorance of the other connections of these various cell 
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groups in the Tegu lizard prevents the making of detailed 
comparisons with other vertebrates. In general, however, it 
can be stated that in amphibians the outflow of the striatum 
is far less differentiated than in mammals, birds and reptiles 
in all of which there are prominent projections not only to 
the dorsal and ventral thalamus but also to areas in the 
midbrain other than the substantia nigra. It thus seems 
appropriate to suggest that the lateral forebrain bundle of 
the Tegu lizard forms the reptilian counterpart of the strio-
tegmental tract of birds and the ansa lenticularis of marañáis. 
The existing differences may be due to the specialisation of 
the nervous system in a reptilian way and the minor degree of 
differentiation of the brains of lower vertebrates in general. 
The dorsal striatum of the Tegu lizard mainly projects to 
the ventral striatum and in this respect resembles the paleo-
striatum augmentatum of the pigeon which projects to the 
paleostriatum primitivum (Karten and Dubbeldam '73) and the 
caudatoputamen complex of the monkey which mainly projects 
to the globus pallidas (Nauta and Mehler '66). However, the 
existence of an additional projection to the lateral amyg-
daloid nucleus as has been found in the Tegu lizard makes it 
doubtful whether the reptilian dorsal striatum can be re-
garded as a pure striatal structure such as the mammalian 
caudatoputamen complex that has no projections to the 
amygdala. For a possible explanation of this discrepancy 
reference must be made to the hypothesis of Nauta and 
Karten ('70) who postulated that 'the same neurons that in 
reptiles and birds compose the large external striatum, in 
mammals have come to occupy the pallia! mantle and form a 
major proportion of the cell population of the neocortex'. 
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This hypothesis is supported by the observations of Pritz 
('73, '74) and Hall and Ebner ('70) in which it was found 
that in the alligator and in the turtle acoustic and optic 
information is relayed to the dorsal striatum via the dorsal 
thalamus. Because it is well known that the neocortex of 
mammals projects to the amygdala (Lammers '72) whereas strio-
amygdalar connections have never been reported, the present 
demonstration in the Tegu lizard of a projection from the 
dorsal striatum to the amygdaloid complex can probably be 
interpreted as another argument in favour of the hypothesis 
of Nauta and Karten. 
The present experiments have furnished no evidence for the 
existence of a fiber tract directly connecting the striatum 
with the spinal cord. The apparent absence of such a fiber 
tract makes it very likely that only a part of the manmalian 
'neocortical' neurons is represented by the elements that 
constitute the dorsal striatum of reptiles. 
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SUMMARY 
The striatum of the lizard Tupinambis nigropunctatus lies in 
the lateral wall of the telencephalon and consists of two 
major subdivisions: the dorsal striatum and the ventral striatum. 
In the first part of the present study the normal configuration 
of these subcortical centers of the telencephalon and their 
surrounding areas has been described on the basis of serial 
sections stained by the Klüver-Barrera and Nissl techniques. 
Supplementary information has been obtained from serial sections 
stained for acetylcholinesterase, monoamine oxidase and heavy 
metals. A number of frontal sections has been reproduced showing 
the topographical relations of the various structures in the 
telencephalon. 
Guided by the results of the study of the normal anatomy, 
electrolytic lesions have been placed in all parts of the 
striatal complex and in adjacent areas, and the subsequent 
anterograde degeneration has been investigated with the Nauta-
Gygax and Fink-Heimer techniques. 
Lesions in the dorsal striatum cause terminal degeneration 
in the ventral striatum both ipsi- and contralaterally. In 
addition, projections have been found to the lateral amygdaloid 
nucleus and to parts of the dorsal striatum not affected by the 
lesions. 
Following lesions in the ventral striatum fiber degeneration 
could always be observed in the ventral peduncle of the lateral 
forebrain bundle. Corresponding terminal degeneration was found 
in the anterior and posterior entopeduncular nuclei, the teg-
mentum mesencephali, the substantia nigra, the prerubral area, 
the central grey and the lateral cerebellar nucleus. 
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Degenerating fibers in the dorsal peduncle of the lateral 
forebrain bundle were only observed in cases in which the 
lateral large-celled part of the ventral striatum was involved 
in the lesions. These fibers could be traced to the nucleus 
rotundus of the dorsal thalamus. 
From these experimental observations it can be concluded 
that, as far as its efferent connections are concerned, the 
striatal complex of the legu lizard closely resembles the 
corresponding structures in amphibians, birds and mammals. 
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SAMENVATTING 
Het striatum van de hagedis Tupinambis nigropunctatus is een 
van de meest opvallende strukturen in het telencephalon van 
dit reptiel. Er kunnen twee delen worden onderscheiden: het 
dorsale striatum en het ventrale etriatum. De cytoarchitekto-
niek van deze beide delen van het striatum en van de aan-
grenzende strukturen werd bestudeerd aan de hand van histo-
logische coupes gekleurd volgens de Klüver-Barrera en Nissl 
technieken. Bovendien werd gebruik gemaakt van histochemisch 
bewerkte coupes (kleuringen voor acetylcholinesterase, mono-
amine oxidase en zware metalen). 
De efferente en intrinsieke verbindingen van het striatum 
werden onderzocht met behulp van de zilverkleuringen volgens 
Nauta-Gygax en Fink-Heimer. Hiertoe werden elektrolytische 
laesies gemaakt in de verschillende delen van het striatum en 
in de aangrenzende strukturen. 
Laesies in het dorsale striatum veroorzaakten terminale 
degeneratie in het ventrale striatum zowel homo- als hetero-
lateraal. Bovendien werden projecties gevonden naar de nucleus 
lateralis amygdalae en naar delen van het striatum die niet 
door de laesies waren beschadigd. 
Laesies in het ventrale striatum veroorzaakten altijd 
vezeldegeneratie in de ventrale pedunkel van de 'lateral 
forebrain bundle'. Deze gedegenereerde vezels bleken te 
eindigen in de nuclei entopeduncularcs anterior en posterior, 
het tegmentum mesencephali, de substantia nigra, de area 
prerubralis, het griseum centrale en de nucleus cerebellaris 
lateralis. 
In de dorsale pedunkel van de 'lateral forebrain bundle' 
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kon alleen vezeldegeneratie worden aangetoond wanneer het 
grootcellige deel van het ventrale striatum werd gelaedeerd. 
Deze gedegenereerde vezels konden worden vervolgd tot in de 
nucleus rotundus van de dorsale thalamus. 
Op grond van deze bevindingen mag men concluderen dat het 
striatum van de Tegu hagedis vergelijkbaar is met overeen-
komstige strukturen bij amphibieën, vogels en zoogdieren. 
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STELLINGEN 
I 
Onjuiste interpretatie van zilverneerslag in experimenteel 
hersenmateriaal gekleurd volgens de technieken van Fink-Heimer 
en Nauta-Gygax kan gedeeltelijk worden voorkomen als deze 
zilverkleuringen eerst in normaal materiaal zijn bestudeerd. 
Il 
De huidige ammoniakale zilverkleuringen zijn niet geschikt om 
degeneratie van vezels en 'boutons terminaux' in kwantitatieve 
zin te beoordelen. 
III 
Bij het zoeken naar vergelijkbare structuren in de hersenen 
van verschillende diersoorten is het experimenteel onderzoek 
van vezelverbindingen een belangrijk hulpmiddel. 
IV 
For persons with persistent or recurrent pain with no apperent 
organic basis, analgesics may only worsen their symptoms, 
whereas antidepressants do much to alleviate them. 
R.A. Sternbach in 'Pain and 
suffering: selected aspects'. 
B.L. Crue, ed. 
V 
Teamwork in de eerstelijns gezondheidszorg mag niet afhankelijk 
zijn van het al dan niet bestaan van gezondheidscentra. 
VI 
Ergonomie vormt een belangrijk aspect van de preventieve ge-
neeskunde en dient derhalve meer aandacht te krijgen in de 
artsenopleiding. 
VII 
De sociale voorzieningen voor studerenden aan hogere beroeps-
opleidingen moeten op hetzelfde niveau gebracht worden als 
die voor studerenden aan de universiteit. 
VIII 
Medically qualified anatomists are an endangered species, and 
unless fairly drastic steps are taken to preserve their habitat, 
food supply, and breedingground, they will shortly become 
extinct. 
David Sinclair 
The Lancet, 19 April 1975 
IX 
Het bestaan van aparte regelingen voor ongehuwden ten aanzien 
van o.a. huisvesting en inkomstenbelasting wijst op het bestaan 
van een gelegaliseerde vorm van discriminatie. 
3 oktober 1975 P.V.J.M. Hoogland 


